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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 

MEMORANDUM REPORT 
for the 

Array Air Forces, Air Technical Service Command 
PERFORMANCE SELECTION CHARTS FOR GLIDERS AND 
TWIN-ENGINE TOW PLANES 

By H. Reese Ivey, g. F. Fitch, and Wayne F. Schultz 

SUMMARY 


This report presents performance charts for gliders 
and twin-engine tow planes. Three sets of charts are 
presented showing the performance of gliders having 
different degrees of aerodynamic and structural refine- 
ment. For any glider, the charts show the gliding angle, 
the useful. load, the stalling speeds, the power required 
for level flight at various speeds and the power required 
while climbing at various speeds. 

The tow-plane charts show the performance which 
could be obtained from tow planes powered by two 
2000-horsepower engines. The tow-plane charts present 
the stalling speeds, power required for level flight at 
various speeds, and the power required while climbing at 
various speeds. Charts also show the range for any 
combination of tow plane and gliders. 


INTRODUCTION 


This report presents charts which may be used to 
estimate the performance • of any combination of glider 
and . tow . plane or they may be used to investigate the 
desirability of components to give some desired 
performance. The Performance of a glider and tow- 
plane unit depends, not on the maximum efficiency of 
the components, but on their efficiencies when operated 
at the same speed. This means that a good glider and a 
good tow plane do not necessarily form a good unit. The 
two must be selected to operate efficiently at the same 
speeds. In actual development it may not be practical 
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to produce the ideal glider or have available the 
appropriate tow plane to tow the glider. Combat condi- 
tions' and the expend ibility of military gliders may make 
it impossible to have on hand the optimum gliders for 
each mission. As the mission of the glider varies, it 
may be desirable to place different emphasis on the 
structural and aerodynamic efficiencies. 

For this reason, three different sets of performance 
charts are presented having gradually increasing structural 
and aerodynamic efficiencies and typical load factors, 
aspect ratios, and wing thickness ratios. The first set 
of charts i 3 based on structural and aerodynamic refine- 
ment approximately equal to that of existing military 
gliders. The second set is similar to new experimental 
designs being made at the present time. The aerodynamic 
cleanness is assumed to be better and the wing thickness 
ratio is increased in order to save structural weight by 
decreasing the amount of material needed for bending 
strength.^ Por small gliders the minimum allowable thickness 
of structural material may make it impossible to increase 
the thickness ratio in order to save weight. Good 
finishes may be profitable only on gliders having high 
wing loadings. The third class consists of gliders having 
refinement approximately equal to the best obtained in 
powered airplanes. The structural efficiencies of these 
gliders are higher than those in the first two parts. 

They are well streamlined, have good finishes, and have 
retractable landing gears. 

The set of tow-plane charts presents airplanes 
designed specifically for towing gliders. These tow 
planes have assumed structural and aerodynamic 
efficiencies similar to those of existing cargo air- 
planes. The tow planes presented are assumed to be 
designed for maxii.rum range . In actual practice it may 
be desirable to substitute other loads for part of the 
fuel allowed for on the long-range tow planes. All the 
tow planes have been assumed to be twin-engine tow 
planes powered by two 2000-horsepower engines. The 
charts are prepared on coordinates of wing loading and 
power loading which allows their use on engines of other 
sizes for comparing trends. 

For the sake of brevity, all the charts are. for 
sea-level operation; however, the trends shown will be 
similar tc those of altitude operation except. that the 
speeds will be somewhat greater at higher altitudes. 
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PRESENTATION OF CHARTS 


Charts are presented for three types of gliders 
and one type of tow plane. The gliders of type 1 
(figs. 1(a) to 5(f)) have an aspect ratio of 0 and a 
12-percent wing thickness ratio at the root chord. An 
aspect ratio of 9 and a 20-percent wing thickness ratio 
are used for the second, type (figs. 6(a) to 10(f)). 

The gliders of type 5 (figs. 11(a) to li^(f)) have an 
aspect ratio of 10 and a 20-percent wing thickness ratio. 
The performance of the three types of gliders is pre- 
sented on coordinates of gross weight and wing loading. 

The use of the same coordinates for all types of charts 
facilitates their superposition to form a composite 
chart showing the interrelationship of the useful loads 
and the various types of perf ormance . 

The tow planes are presented on charts having 
coordinates of power loading and wing loading. All the 
tow planes considered in this report have two 
2000-horsepower engines mounted in wing nacelles. The 
power leading coordinate is the design gross weight 
divided by 1^.000 . The tow-plane charts can be used with 
the glider charts to determine the performance of any 
combination of tow plane and gliders. 

The method of analysis is presented in the appendices, 
A list of figures is given immediately preceding fig- 
ure 1(a). Examples of the use of the charts are given 
here . 

USE OF CHARTS 


Selection of gliders 

Problem: Select glider A of type 1 to carry 6000 pounds 

and have a stalling speed of 1|0 miles per hour with 
flaps . 

.From figure 5(a) read a wing loading of 8.2 on the 
ij-O-mile-per-hour curve. 

From figure 1(a) read a gross weight of lip, 75 0 pounds 
w'here W/s of 8.2 intersocts 6000 pounds useful load. 
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The performance of the glider may he determined hy 
use of figures 1(a) to 5(f)* 


Maximum 

glide 

ratio 

Speed at 

^/^max 
( mph ) 

Stalling 
speed 
with 
f i.aps 
( mph ) 

Stalling 

speed 

withoxvt 

flaps 

(mph) 

Power 

required 

at 

120 mph 
level 
(thp) 

Power required 
to climb 
500 ft/min 
at 120 mph 
(thp) 

13 to 1 

6k 

l+o 

4-3 

685 

880 


Selection of tow planes 


If the power required hy the gliders coincides with 
one of the values used in preparing the charts, a tow plane 
may be selected for a certain range directly from the 
charts oresented. When the power required hy the gliders 
does not coincide with one of the values used in preparing 
the charts, the appropriate tow plane may he selected 
after the towing speed and wing loading are determined. 

For that speed and wing loading, constant- range curves may 
be plotted on coordinates of power loading versus glider 
power required. By cross- plotting, range and glider power 
required may he used as coordinates to draw constant- 
power-loading curves from which gross weights may he 
obtained . 

Selection of glider-tow plane combination 

The tow planes must have wing loadings not much 
higher than those of the gliders they tow if they are to 
operate efficiently at the best speed for the gliders. 

Problem: Select a tow plane capable of towing two gliders 

similar to glider A for 1000 miles at 120 miles per 
hour, releasing the gliders, and returning. The 
stalling speed of the tow plane is to be pO miles 
per hour with flaps. 

From figure 15(a) the wing loading will be 12.8. 

By plotting power loading versus glider power required 
for a wing loading of 12.8, a speed of 120 miles per 
hour, and a range of 2000 miles, a power loading 
of 10. Ip is determined. 
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The gross weight of the tow plane will then be 
W = 10. Ij. x [j.000 
= 1^1,600 pounds 

and the wing area is 

_ h 1.600 

12.6 

— 32S0 square feet 

The wing area is very large for an airplane of this 
gross weight, being about double the wing area of the B-29. 

From figure 2i|.(a) the fuel load in the fuselage is 
9800 pounds of which 5 030 pounds may be carried in the 
wing. 


Figure 22(d) shows power required by the tow plane 
in level flig.rc is 680 thrust horsepower". The total 
thrust horsepower required by the tow plane and two 
gliders is 


680 + 2(68 5) = 20I4.5 

For a propeller efficiency of 0.8 in level flight the 
brake horse power required is 


— ~ ~ 2555 brake horsepower 

0.8 


Figure 23(d) shows power required by the tow plane 
climbing 5 00 feet per minute is 1300 thrust horsepower. 
The power required for each glider to climb 500 feet 
per minute at 120 miles per hour was previously found 
to be S80 thrust horseoower. The total brake horsepower 
based on a propeller efficiency of O.75 for climbing is 


1300 + 2(880) 
0.75 


= [(.080 brake 


horsepower 


This condition of flight is impossible since the maximum 
military rating of each engine is 2000 brake horsepower. 
This means that this combination of tow plane and gliders 
is not capable of climbing 500 feet per minute. 
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PERFORMANCE TRENDS 


Effect of wing loading 

Problem: Select two gliders of type 1 {figs. 1(a) to 5(^1) 

each of which is capable of carrying a ij.600-pound 
useful load. Glider B is to have a stalling speed 
of 30 miles per hour with flaps and glider C is to 
have a stalling speed of I 4 .O miles per hour. The 
two gliders are compared in the following table: 


Glider 

Gross 

Wing loading 

Stalling speed 

Percent 

weight 
( lb ) 

(lb/sq ft) 

with flaps 
( mph ) 

useful load 

B~ 

13,700 

k .6 

& 


C 

10,200 

3.2 

4 b .0 


The example shows that the selection of low stalling 
speeds decreases the percent useful load necessitating 
the design of heavier gliders to carry the same load. 

In this example the selection of a stalling speed of 
30 miles per hour instead of IpO miles per hour has 
increased the weight of the glider by 3500 pounds, 
largely because of increased wing weight associated 
with a larger wing. This result suggests that means 
must be taken to keep the wing weights lower particularly 
on large gliders. This can be accomplished by increasing 
the thickness ratio and decreasing the aspect ratio. In 
small gliders it may not be possible to save weight by 
increasing the thickness ratio because of the minimum 
allowable thickness of some structural components. Even 
with reduced structural weights, large gliders must be 
designed with higher wing loadings than smaller gliders 
for the same percent useful load. 

If low wing loadings are necessary, it may be 
desirable to build two small gliders, each carrying 
half the load, instead of one large glider. The total 
gross weight of the two gliders is nearly always less 
than that" of one large glider but at high towing speeds 
the small gliders may require slightly more power. 

The maximum glide ratio for glider C previously 
discussed is relatively low, 12.7 at 65*5 miles P er 
hour. The fact that normal towing speeds are much 
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higher than the sneed for maximum l/D indicates the 
operational L/D of the glider will be much less 
than 12.7. At speeds higher than that for maximum L/D 
the profile drag is more important than induced drag. 
Consequer tly, a large improvement in performance can be 
obtained by designing gliders with less profile drag. 
This increased performance is seen in comparing the 
gliders of type 1 with those of type 2 and type 3 
where the profile drag was reduced. 

Comparison of the three types of gliders 

Problem: Select gliders to carry 8C00 pounds and have 

a stalling speed of 5 0 miles per hour with flaps. 
Glider D will be of type 1, glider E of type 2, and 
glider F of type 3« 

Figures 3(a) and/or 8(a) show that each glider 
will have a wing loading of 12.3. 


The performances of the three t:/pes are shown In 
the following tables: 


Glider 

Gross 
we i ght 
(lb) 

Percent 

useful 

load 

Wing 

loading 

(lb/sqft) 

Stalling 

speeds 

with 

flaps 

(mph) 

Stalling 
speeds 
without 
flaps 
( mph ) 

Maximum 

glide 

ratio 

D 

18,500 

1+3 

12.3 

50 

60 

12.3 to 1 

E 

15,200 

53 

12.8 

SO 

60 

13.9 to 1 

F 

15,700 

51 

12.3 

50 

60 

1 — 

15.2 to 1 


Glider 

Speed 

at 

■^/ E max 

Power 1 
required 1 
at 

1)4.0 mph 
level 
( thp ) 

Power 
required, 
climbing 
500 ft/rrin 
at 14.0 mph 
( thp ) 

lb miles 

lb miles 

hp-hr 
at L/D max 

hp-hr 

at lij.0 mph 

D 

78 

990 

1270 

1980 

1130 

E 

73 

710 

94-0 

2710 

13g0 

F 

07.5 

4.50 

685 

3b3o 

2480 


The power required in level flight is very low for 
the type 3 gliders; therefore, the additional power 
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required for climbing becomes a larger proportion of the 
total power required. The power required in level flight 
alone may not determine the practicability of towing the 
given glider. 

For a more detailed comparison of the three types 
of gliders it may prove helpful to prepare charts such 
as figure 25 which* shows the effect of wing loading on 
gliders with constant useful loads. Eight -thousand- 
pound useful loads were used in preparing this chart. 

Effect of glider performance on tow-plane performance 

Problem: Select tow planes for gliders D, E, and F 

capable of towing a glider for 1000 miles at llj.0 miles 
per hour, releasing the glider and returning. The 
stalling speeds of the tow planes are to be 50 miles 
per hour with flaps. 

The wing loading will be 12.8 for each plane. By 
plotting power loading versus glider power required for 
a wing loading of 12.8, a speed of lJ+0 miles per hour, 
and a range of 2000 miles, power loadings can be deter- 
mined as explained in a previous example. 


The performance of the tow planes are shown in the 
following tables: 


Gliders 

Tow planes 

Type 

Useful 

load 

of 

glider 

(lb) 

Power 
loading 
( lb/bhp ) 

Gros s 
weight 
(lb) 

Wing 
loading 
(lb/sq ft) 

Stalling 

speed 

with flaps 
(mph) 

Fuel 

load 

(lb) 

D 

$000 

io.k 

i^i, 6oo 

12.8 

50 

11,600 

E 

•8 000 

8.7 

55,600 

12.8 

50 

8,000 

F 

8ooo 

7-95 

31,800 

12.8 

50 

6,200 
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Combinations of tow planes and gliders 


Power required 

Power required 

Power required 

Power required 


by tow plane 

by tow plane 

by combination 

by combination 

Type 

in 

climbing 

in 

climbing 

level flight 

500 ft/min 

level flight 

500 ft/min 


at llj.0 mph 

at 1 ij.0 mph 

at II4.O mph 

at ll±Q mph 


( thp) 

(thp) 

(bhp) 

(bhp) 

D 

920 

1570 

2390 

3790 

E 

775 

1300 

I860 

2990 

F 

710 

1200 

1 U 50 

2510 


With type 3 gliders particularly, the weight of the 
gliders that can be towed may be much more than the 
weight of a short-range tow plane. This may make it 
impossible to use snatch take-offs in launching the 
gliders. It may be necessary to build heavier tow 
planes and let them carry part of the load. 


CONCLUDING REMARKS 


A study of the charts of the report brings out 
these conclusions: 

1. Gliders of type 1, representing existing military 
gliders, have high structural weights. Because of high 
wing weights, it is usual practice to design heavy 
gliders for higher wing loadings than small gliders in 
order to keep a high percentage of useful load. 

2. The assumption of thicker wings for the gliders 
of type 2 decreased the structural weights, hence, giving 
better useful loads for large gliders not having their 
structural weights determined by minimum allowable 
material thickness. 

3. The gliders of type 3> having high aerodynamic 
and structural efficiencies, require much less power for 
carrying a given load in level flight than the gliders 
of types 1 and 2. For these gliders the additional 
power required to climb is a much larger proportion of 
the total power required than formerly. The total 
weight of the gliders that can be towed in steady flight 
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is so high that some other requirement such as take-off 
may determine the actual loads that can be carried. 

J4.. In some cases, particularly with gliders having 
low wing loadings or low towing speeds, it may be 
advantageous to use two small gliders, each carrying 
half the load rather than one large glider. The total 
gross weight of the two gliders is nearly always less 
than that of the one large glider, but at high speeds 
the small gliders may require slightly more power. 

5. Tow planes need to have wing loadings not much 
higher than those of the gliders in order that they will 
not stall but will operate efficiently when operated at 
the best speed for the gliders. 

6. Short-range tow planes are fairly light as 
compared to the weight of the gliders they are capable 
of towing. This condition may not be desirable for 
"snatch take-offs." It may be advantageous to build 
larger, heavier tow planes and let them carry part of 
the cargo or to use some other method of launching the 
gliders . 


Langley Memorial Aeronautical Laboratory 

National Advisory Committee for Aeronautics 
Langley Field, Va. 
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APPENDIX A 
SYMBOLS 

The symbols xised are defined as follows; 

t 

Ci weight-distribution factor 

C Do profile-drag coefficient 

P projected frontal area, sq ft 

f ultimate load factor 

K structural efficiency factor 

L/D lift to drag ratio 

R aspect ratio 

S wing area, sq ft 

t thickness to chord ratio 

thp thrust horsepower 

W gross weight, lb 

wing weight, lb 
W£ distributed load, lb 

W weight of electrical system, lb 

Wf weight of fuel, lb 

Wf e weight of fixed equipment, lb 

weight of hydraulic equipment, lb 
W u useful load, lb 


12 


MR No. L 5 E 0 i+ 


METHOD OP ANALYSIS POR GLIDERS OP TYPE 1 


The equations used for the gliders of type 1 are 
based on an analysis of about ten existing military- 
gliders. The performances shown herein are obtainable 
from gliders designed and produced by present methods. 


DRAG 


The wing drag coefficient is taken as O.OlS; the 
tail-drag coefficient based on wing area is taken 
as 0.005; the fuselage -drag coefficient, based on the 
frontal area, is 0 . 25 . The complete profile-drag 
equation based on wing area is 


p 

Cd 0 = o.oi3 + 0.005 + 0.25 - 

The fuselage frontal area is assumed to vary as the 
two-thirds power of the useful load 

P = 0.15 w u 2 /5 


These drag coefficients and frontal areas check 
values obtained from analysis of existing gliders. 


WING THICKNESS 


A 12 -percent wing thickness ratio at the root chord 
was \ised for all gliders of type 1. 


ULTIMATE LOAD FACTOR 


An ultimate load factor of Ip . 5 was used for all 
gliders. 
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ASPECT RATIO AND SPAN EFFICIENCY FACTOR 

An aspect ratio of 8 was used for all gliders of 
type 1. The span efficiency factor was taken as 0.8. 
The induced-drag coefficient is then 

C 2 

C = L 
Dl 0.8 tt8 

WEIGHTS 

Based on Air Force gliders, the following assump- 
tions were made : 

1. Fuselage weight is 17 percent of glider gross 

weight . 

2. Tail weight is 17 percent of the wing weight. 

3. Weight of fixed equipment is 30 + 0.0l^5 W. 


WING WEIGHT 


In keeping with the methods used in reference 1 the 
wing weight was calculated as 


w 1 


W 


Kt 

fR^S 1 / 2 


+ 1 


This equation assumes wing weight to be proportional to 
the structural weight required for strength in bending. 

K was determined to be 75*000 based on existing gliders. 

Combining all of these weight factors, the following 
equation for the empty weight of the glider was obtained. 


'^empty ~ 



0.17 W + w fe 


3 / 2 - 1 /2 
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APPENDIX B 


METHOD OP ANALYSIS FOR GLIDERS OP TYPE 2 


The equations used for the gliders of type 2 are 
based on an analysis of recent military designs and the 
performances shown should be obtainable by present 
production methods. 


DRAG 


The wing drag coefficient is taken as 0.015; the 
tail-drag coefficient based on wing area is taken 
as O.OOij.; the fuselage drag coefficient based on the 
frontal area is 0.20. The complete profile -drag 
equation based on wing area is 


C D = 0.015 + 0. OOlj. + 0.20 | 

The drag of the type 2 glider is estimated from the 
analysis of recent designs which represent an improvement 
over earlier designs. 

The fuselage frontal area is assumed to vary as the 
two-thirds power of the useful load. 

F = 0.15 W u 2// ^ 


WING THICKNESS 


A 20-percent wing thickness ratio at the root chord 
was used for all gliders of type 2. 

ULTIMATE LOAD FACTOR 


An ultimate load factor of k»5 was usad for a ll 
gliders. 
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ASPECT RATIO AND SPAN EFFICIENCY FACTOR 


An aspect ratio of 9 was used for all gliders of 
type 2. The span efficiency factor was taken as 0.8. 
The indticed-drag coefficient is then 


The following assumptions were made based on Air 
Force gliders : 

1. F\iselage weight is 17 percent of glider gross 

weight. 

2. Tail weight is 17 percent of the wing weight. 

3 . Weight of fixed equipment is 30 + O.OI 4.5 W. 


In keeping with the methods used in reference 1 the 
wing weight was calculated as 


K was determined to be 75 >000 based on existing gliders. 

The complete equation for the empty weight of the 
glider is ' 


° D i o.8tt9 


WEIGHTS 


WING WEIGHT 


W 
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APPENDIX G 


METHOD OP ANALYSIS FOR GLIDERS OP TYPE 3 


The equations used for the gliders of type 3 give 
performances which could be obtained by gliders having 
the aerodynamic and structural refinement of the best 
existing powered airplanes. 


The wing drag coefficient is taken as 0.009; tail 
drag coefficient based on wing area is taken as 0 . 003 ; 
the fuselage drag coefficient based on the frontal area 
is 0.10. The complete profile-drag equation based on 
wing area is; 


The drags of type 3 gliders are similar to those of 
approximately 25 all-metal airplanes which were investi- 
gated. 

The fuselage frontal area is assumed to vary as 
the two-thirds power of the useful load. 


A 20-percent wing thickness ratio at the root chord 
was used for all gliders of type 3 « 


DRAG 



P = 


0.15 w u 2 /3 


WING THICKNESS 


ULTIMATE LOAD FACTOR 


An ultimate load factor of ip . 5 was used for gliders 
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ASPECT RATIO AND SPAN EFFIC IENC Y PAC TOR 


An aspect ratio of 10 was used for all gliders^of 
type J. The span efficiency factor was taken as 0.8. 
The induced-drag coefficient is then 




0.8trl0 


WEIGHTS 


The following assumptions were made based on Air 
Force gliders. 

1. Fuselage weight is lip percent of glider gross 

we ight . 

2. Tail weight is 15 percent of the wing weight. 

3. Weight of fixed equipment is 30 + 0 . 0l|_5 

Ip. Landing-gear weight is 8 percent of gross weight. 

WING WEIGHT 


In keeping with the methods used in reference 1 the 
wing weight was calculated as 


w x = 


W 


Kt 


fR 5/2 s l/2 


+ 1 


K was assumed to be 100,000. 

The complete equation for the empty weight of the 
glider is 


W, 


empty 


= 1.15 


W 


Kt 


+ 0.08 W + OjJp w + 


fR 3/2il72 


+ 1 
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APPENDIX D 

METHOD OP ANALYSIS FOR TOW PLANES 


The equations used for tow planes are based on an 
analysis of existing cargo planes. The predicted per- 
formances should be obtainable by present production 
methods . 


DRAG 


The wing drag coefficient is taken as 0.009; the 
tail drag coefficient based on wing area is taken 
as 0.002; the fuselage drag coefficient, based on the 
frontal area, is 0.10. The complete profile-drag 
equation based on wing area is 

c Do = 0.009 + 0.002 + 0.10 | 

The frontal area is 


p = 30 + 0.032 Wf 


2/3 


where 30 is the frontal area of the nacelles and a 
minimum size fuselage. 


’WING THICKNESS 


A 15-percent wing thickness ratio at the root chord 
was used for all tow planes. 


ULTIMATE LOAD FACTOR 


An ultimate load factor of it. 5 was used for all 
tow planes. 
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ASPECT RATIO AND SPAN EFFICIENCY FACTOR 


An aspect ratio of 8 was used throughout the calcu- 
lations. The span efficiency was taken as 0 . 9 . The 
induced-drag coefficient is then 


Di 0.9 it8 


PROPELLER EFFICIENCY 


For level flight a propeller efficiency of 85 per- 
cent is assumed to he attained. To simplify the calcu- 
lations the cooling nower was assumed to he 5 percent 
of the brake horsepower. This gives an effective 
efficiency of 80 percent. In climb the effective 
efficiency is 75 percent. 


WEIGHTS 


Based on existing cargo planes, the following 
assumptions were made : 

1. Fuselage weight is 9 percent of the gross 

weight . 

2. Tail weight is lip percent of the wing weight. 

5. Landing gear is 6 -| percent of the gross weight. 

ij.. Weight of the fixed equipment is 2 ~ percent of 
the gross weight plus the weight of the 
hydraulic and electrical systems. The weight 
of the electrical system is taken as 
90 + 0.009 W. The weight of the hydraulic 
system is taken as 1 I 4 .O where W is less 
than 26,000 and lJqO + O .038 (W - 26,000) 
where W is greater than 26,000. 
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5. Since two 2000 -hcrsepcwer engines are used in 

all tow planes, it is assumed that the weight 
of the nacelle and power plant groups is 
8000 pounds in every case. 

t 

In keeping with the methods used In reference 1 
the wing weight was calculated as 


K was determined to be 100,000 based on existing cargo 
planes. C]_, the weight-distribution factor, was taken 
as 0.85» 

W2> the distributed load in the wing, includes 
8000 pounds for the nacelle and power-plant groups and 
5000 pounds of fuel or other load to be carried in the 
wing. 

The useful load to be carried in the fuselage is 
the gross weight minus the empty weight. Allowing 
i|00 pounds for a two-man crew, the weight of fuel which 
can be carried in the fuselage is assumed to be 
O.85 (W u - ij- 00 ) where W u is the useful load in the 
fuselage. 

Combining all these weight factors we obtain the 
following equation for the empty weight of the tow 
plane : 



fR^/^S 1 / 2 
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